We have simplified the Gorlin formula and have compared our measurements of the aortic or mitral valve area, using the original Gorlin formula and the simplified valve formula in 100 consecutive patients. The valve area was measured by the simplified formula as cardiac output (I/min) divided by the square root of pressure differences across the valve.
SUMMARY We have simplified the Gorlin formula and have compared our measurements of the aortic or mitral valve area, using the original Gorlin formula and the simplified valve formula in 100 consecutive patients. The valve area was measured by the simplified formula as cardiac output (I/min) divided by the square root of pressure differences across the valve.
In patients with aortic stenosis of varying severity there was excellent correlation between the original Gorlin formula and the simplified formula (r = 0.96, y = 0.99x + 0.01, SEE = ± 0.10,p < 0.001). The correlation was unchanged when the peak gradient was used instead of the mean gradient in the simplified formula. Excellent correlation was also seen in patients with mitral stenosis of varying severity (r = 0.94, y = 0.97x -0.02, SEE = ± 0.19; p < 0.001). The simplicity of the formula makes it easy to memorize and use.
THE GORLIN FORMULA, introduced more than three decades ago, has been useful in measuring the stenosis of cardiac valves.1 That formula states that the valve area (cm2) is equal to the flow across the valve (ml/sec) divided by the product of two constants and square root of pressure difference across the valve.
One of the constants is the discharge coefficient that is an empirical constant with an assumed arbitrary value of 1 for the aortic valve and 0.7 for the mitral valve. The second constant is 44.5, which is equal to the square root of twice the gravity acceleration factor (980 cm/sec/sec). The flow across the valve is equal to the cardiac output (ml/min) divided by the product of the heart rate (beats/min) and the systolic ejection period or diastolic filling period (sec/beat). In 1972, Cohen and Gorlin revised the original formula and suggested the use of 0.85 for the mitral valve (instead of 0.7) as the discharge coefficient. 2 Because the original formula is cumbersome and time-consuming, it is rarely used by cardiologists who are not involved with hemodynamic measurements. We have simplified this formula, and our results by both the original and the simplified formulas in 100 patients with either aortic stenosis or mitral stenosis are the subject of this report.
Materials and Methods
We selected 60 consecutive patients with aortic stenosis (35 men and 25 women, ages 22-74 years; mean age 59 years) and 40 patients with mitral stenosis (nine men and 31 women, ages 22-76 years; mean age 55 years) who were evaluated at our institution for this study. Each patient underwent combined leftand right-heart catheterization by standard techniques. Simultaneous pressures were recorded across the aortic valve on equisensitive transducers by means of either transaortic or transseptal left ventricular catheterization. Similarly, simultaneous pressures were recorded across the mitral valve by measuring the left ventricular and pulmonary artery wedge pressures. The pulmonary wedge pressure was confirmed in each patient by characteristic wave form or by oximetry. Cardiac output was measured by the Fick method, and oxygen consumption was measured in most patients.
Each patient also underwent left ventriculography, aortography and selective coronary arteriography by standard techniques. The aortic or mitral valve area was calculated in each patient by the original Gorlin formula. The systolic ejection period was measured from the aortic pressure tracings, from the beginning of the ejection to the dicrotic notch. The diastolic filling period was measured between the crossover points of the pulmonary artery wedge and the left ventricular pressure tracings. The heart rate was calculated at the time of cardiac output measurement by counting the RR cycles over a 60-second interval. The peak aortic gradient was measured as a simple peak-topeak gradient. The peaks were not necessarily at the exact time during systole. The mean pressure difference across the aortic or mitral valve was measured by planimetry. We used the same cardiac output in both the original Gorlin and the simplified formulas.
The aortic or mitral valve area (cm2) was measured by the simplified formula as the cardiac output (1/min) divided by the square root of the pressure differences across the valve. For the aortic valve, we used either the peak or the mean pressure difference across the valve in the simplified formula, but for the mitral valve, we used only the mean pressure difference.
We performed the statistical correlation by means of Pearson product moment correlation and the t test.
Results

Aortic Stenosis
The hemodynamic data for patients with aortic stenosis are shown in table 1. 1050 The correlation between the aortic valve areas measured by the original Gorlin formula and the simplified formula was excellent (r = 0.96, y = 0.99x + 0.01, SEE = + 0.10, p < 0.001) ( fig. 1 ). There was = aortic valve area; SEP = systolic ejection period. also an excellent correlation between the original formula and the simplified formula when the peak gradient was used in the simplified formula instead of the mean gradient (r = 0.96, y = 0.97x -0.006). Further, there was an excellent correlation between the two simplified formulas, version one using the mean and version two using the peak gradient (r -0.98). The mean gradient in 32 of the 60 patients was less than the peak-to-peak aortic gradient. In the remaining 28 patients, the mean gradient was equal to or slightly greater than the peak gradient. A peak-topeak aortic gradient less than the mean aortic gradient has been explained by other investigators in patients with porcine xenograft tissue valves on the basis of leaflet inertia.3 In 32 patients with aortic valve areas less than 0.7 cm2 (simplified formula), the error of estimate was 0-0.24 cm2 (0.06 ± 0.05, mean ± SD). In 17 patients with aortic valve areas of 0.7-1.1 cm2 (simplified formula), the error of estimate was 0-0.42 cm2 (0.08 ± 0.1 1). In 14 of these 17 patients, the error of estimate was less than 0.17 cm2. In the remaining 11 patients with aortic valve areas greater than 1.1 cm2 (simplified formula), the error of estimate was 0-0. 19 cm2 (0. 10 ± 0.06). In all 11 patients, the variation was less than 0.19 cm2.
The reason for this remarkable correlation may be explained by the results shown in figure 2. The product of systolic ejection period times heart rate times constant times 44.5 is very close to 1 X 103 over a wide range of valve areas included in this study (y = 0.02x + 1.02, SEE = ± 0.13, p < 0.001). Thus, although these variables were deleted in the simplified formula, the results were comparable to those determined by the original Gorlin formula.
Mitral Stenosis
The hemodynamic data for patients with mitral stenosis are shown in table 2.
The correlation between the mitral valve areas calculated by the original Gorlin formula and the simplified formula is shown in figure 3 . The correlation between the two formulas was excellent (r = 0.94, y = 0.97x -0.02, SEE = ± O.l9,p < 0.001). In 13 patients with mitral valve areas less than 1.0 cm2 (simplified formula), the error of estimate was 0.01-0.32 (0.14 + 0.11). In another 13 patients with valve areas of 1-1.49 cm2 (simplified formula), the error of estimate was 0.01-0.49 cm2 (0.12 0 0.14); in 12 of these patients the error of estimate was less than 0.29 cm2. In eight patients with valve areas of 1.5-1.99 cm2 (simplified formula), the error of estimate was 0.06-0.39 cm3 (0.19 ± 0.13). In the remaining six patients with valve areas greater than 2.0 cm2 (simplified formula), the error of estimate was 0.15-0.35 cm2 (0.25 0.07). The product of the diastolic filling period times heart rate times 31 in relation to mitral valve areas is shown in figure 4 (y = -0.02x + 0.98, SEE = 0.14, p < 0.001). This product, as in patients with aortic stenosis, was close to 1 X 103. We also measured the mitral valve area using the simplified formula from the hemodynamic data provided by Gorlin 5 ). Again, the correlation was excellent (r = 0.96, y = 0.81x + 0.18, SEE = ± 0.13, p < 0.001).
Although physiologic interventions that would produce variations in such factors as the cardiac output, heart rate, systolic ejection period or diastolic filling period were not available because of the retrospective nature of this study, analysis of the data provided in tables 1 and 2 shows considerable variation in several of these measurements in the resting condition. Thus, in patients with aortic stenosis the peak-to-peak aortic gradient was less than 50 mm Hg in 28 patients, 50-99 mm Hg in 24 patients and equal to or greater than 100 mm Hg in eight patients. The heart rate was less than 80 beats/min in 35 patients and greater than 80 beats/min in 25 patients. In fact, the heart rate in nine patients was less than 60 beats/min or more than 100 FIGURE 5. Correlation of mitral valve area as described in the original study by Gorlin and Gorlin and the valve area measured by the simplified valve formula. beats/min. The systolic ejection period was less than 0.3 sec/beat in 31 patients and more than 0.3 sec/beat in 29 patients. The cardiac output was less than 5 1/min in 36 patients and more than 5.0 1/min in 24 patients. Similarly, in patients with mitral stenosis the heart rate was less than 80 beats/min in 23 patients and more than 80 beats/min in 17 patients, and nine patients had heart rates less than 60 beats/min or more than 100 beats/min. The diastolic filling period varied widely and was less than 0.3 sec/beat or greater than 0.5 sec/beat in 12 patients. The cardiac output was less than 4.0 1/min in 20 patients and more than 4.0 1/min in 20 patients.
Moreover, we calculated the mitral valve areas at (table 3) and compared our results with Gorlin's original results. We found an excellent correlation (r = 0.96, y = 0.89x + 0.04, SEE = ± 0.16, p < 0.001).
Discussion
Since 1951 the hemodynamic evaluation of the severity of valvular stenoses has relied on the estimation of valve orifice areas using the hydraulic equation of Gorlin and Gorlin.' This equation incorporates cardiac output, heart rate, systolic ejection period (or diastolic filling period), an empirical constant, acceleration of gravity factor and the pressure difference across the stenotic valve. Gorlin and Gorlin found that when they used this formula in 11 patients with mitral stenosis, the calculated valve area differed by less than 0.2 cm2 from the actual valve area measured at surgery or autopsy.
Our results show that a simplified version of the original Gorlin formula using the cardiac output and the pressure difference across the valve can be used to measure reliably the severity of aortic or mitral stenosis (figs. 1 and 3). Moreover, in patients with aortic stenosis, we noted little error in estimating the severity of stenosis when the peak pressure difference was used instead of the mean pressure difference across the valve. Under most circumstances, it takes a tight stenosis to generate a pressure gradient and small variations may in fact have little clinical significance. Physiologic interventions that would produce changes in several factors used in valve area measurements may have been important to prove the usefulness of our formula but unfortunately were not available. However the mitral valve areas calculated with the simplified valve formula correlated well with 10 duplicate measurements obtained at rest and during exercise by Gorlin and Gorlin' (table 3) . Also, the resting hemodynamic data in our patients (tables I and 2) show considerable variation in all of the above factors.
There is no question that the Gorlin formula has been extremely useful in the evaluation of patients with valvular heart disease. However, physicians who are not involved on a daily basis in hemodynamic measurements find the simplified formula easy to remember and to use. Most important, the accuracy of valve area determined by means of the simplified formula is not reduced.
